Severe hypercalcemia is rarely encountered in children, even though serum calcium concentrations above 15-16 mg/dL could be life-threatening. We present a patient having severe hypercalcemia and azotemia. A 14-year-old boy with no significant past medical history was referred to our hospital with hypercalcemia and azotemia. Laboratory and imaging studies excluded hyperparathyroidism and solid tumor. Other laboratory findings including a peripheral blood profile were unremarkable. His hypercalcemia was not improved with massive hydration, diuretics, or even hemodialysis, but noticeably reversed with administration of calcitonin. A bone marrow biopsy performed to rule out the possibility of hematological malignancy revealed acute lymphoblastic leukemia. His hypercalcemia and azotemia resolved shortly after initiation of induction chemotherapy. Results in this patient indicate that a hematological malignancy could present with severe hypercalcemia even though blast cells have not appeared in the peripheral blood. Therefore, extensive evaluation to determine the cause of hypercalcemia is necessary. Additionally, appropriate treatment, viz., hydration or administration of calcitonin is important to prevent complications of severe hypercalcemia, including renal failure and nephrocalcinosis.
Introduction
Severe hypercalcemia is anuncommon problem in children. It is defined as serum calcium (Ca) concentration higher than 12 mg/dL and is often associ ated with nonspecific symptoms such as lethargy, depression, anorexia, nau sea, vomiting, polyuria and polydipsia. Patients with serum Ca concentra tions >15 mg/dL can develop renal failure or cardiovascular abnormalities with arrhythmias and coma. Most of the Ca in the body is stored in the bone, and serum Ca levels are regulated mainly by parathyroid hormone (PTH), vitamin D, and calcitonin via bony uptake of Ca (increased by PTH and vitamin D, decreased by calcitonin) or resorption of the bone, and renal Ca reabsorption (increased by PTH, decreased by calcitonin) along with intestinal uptake of Ca (vitamin D). Therefore when there is hypercalcemia, impairment of bone uptake of the Ca, an increase inbone resorption or impairment of renal www.chikd.org handling of Ca should be suspected 1, 2) . The most common cause of hypercalcemia is primary hyperparathyroidism in the outpatient clinic and malignancy in hospitalized patients 3, 4) . Malignancyassociated hypercalcemia can be attributed to three mechanisms; osteolysis from direct invasion of the skeleton by tumor cells, increased osteoclastic bone resorption via tumor production of circulating (humoral) factors, and absorptive hypercalcemia from excessive vita min D activation by the neoplasm 5, 6) . While the incidence of malignancyassociated hypercalcemia is about 1020% in adults, hypercalcemia is rare in pediatric cancer patients with incidence less than 1%. Malignancyassociated hyper calcemia in children has been reported with rhabdomyo carcoma, leukemia, lymphoma, multiple myeloma, neuro blastoma, hepatocellular carcinoma, and brain tumors. In pediatric acute lymphoblastic leukemia (ALL), hypercal cemia has been reported as the initial manifestation of the malignancy, before the appearance of blasts in the peri pheral blood smear 7) . We reported a case of acute leukemia, where the initial presentation was markedly elevated serum Ca levels and acute renal injury.
Case report
A 14year old boy was referred to our hospital with hy percalcemia and azotemia. For last three months, the pati ent had complained of fatigue, headache, polyuria and polydipsia, which had gradually worsened. During this period, the patient had lost 9 kg of body weight. On physical examination, his height was 177 cm (>97 percentiles) and his body weight was 54 kg (2550 percentiles). His blood pressure was 133/67 mmHg, pulse rate 186 per minute, re spiratory rate 20 per minute, and body temperature 36.3℃. The patient was lethargic and he showed pale conjunctivae without lymphadenopathy or hepatosplenomegaly. On mental status examination, he was very irritable and unco operative while his orientation was intact. Initial laboratory evaluation revealed severe hypercalcemia (Ca, 16.5 mg/dL; ionized Ca, 1.93 mmol/dL), azotemia (BUN, 39 mg/dL; crea tinine, 2.05 mg/dL) and mild pancytopenia (white blood cell, 2,350/mm 3 ; hemoglobin, 9.1 g/dL; platelet, 115,000/uL). Serum phosphrous level was 4.9 mg/dL and 25hydroxy vitamin D level was 15.9 ng/mL. PTH level (<5 pg/mL) was adequately suppressed and Parathyroid hormonerelated peptide (PTHrP) was not elevated (<1.1 pmol/L, reference level; <1.1 pmol/L). Laboratory data shown in table 1. On peripheral blood smear, nonspecific findings were reported except mild leukopenia and thrombocytopenia. Chest ra diograph was normal. In abdominal ultrasono graphy, no remarkable findings were observed in abdominal organs in cluding bothkidneys. Despite severe hypercalce mia, there were no significant electrocardiograhic changes. Bone Xray showed rarefaction along the metaphyseal line suggesting osteopenia.
He was treated with massive intravenous normal saline hydration of 200 mL per hour and furosemide. He had an adequate urine output (4.5 cc/kg/hr). After 12 hours of treatment, serum ionized Ca level was stillelevated (1.87 mmol/L). Hemodialysis was performed using a lowCa dialysate to relieve hypercalcemia. However, serum Ca level did not decrease and surged up to 18.0 mg/dL. On the fifth day of hospitalization, intravenous calcitonin (2 IU/ kg/dose, every 12 hours) was administered, which reduced Ca levels progressively (Fig. 1) . His irritability markedly improved with stabilization of Ca level and his azotemia was also ameliorated. Imaging evaluation revealed increased uptake in the left 9th rib and right distal tibia on bone scan (Fig. 2 ) and focal cortical discontinuity at the left 9th rib on chest CT. Abdominal CT and brain MRI were unre markable. On 6th day, bone marrow aspiration and biopsy were performed and bone marrow smear revealed acute lymphoblastic leukemia (ALL). Leukemia marker study was also consistent with early precursor B cell type ALL. On the eighth day of hospitalization, induction chemothe rapy for ALL was started. His hypercalcemia and azotemia were completely resolved on the third day of chemotherapy.
Discussion
Here we report a case of severe hypercalcemia accom panying azotemia as initial manifestation of ALL. Com monly, increase in bone resorption leads to hypercalcemia, primarily from hyperparathyroidism and malignancy 1, 2) . Our case had appropriately suppressed PTH levels, indica ting that his hypercalcemia was not PTHdependent. There fore, other causes such as malignancy should be suspected,and bone imaging studies for malignancy, bone marrow examination, PTHrP measurement were done. PTHrP is the most commonly identified humoral factor that causes hypercalcemia of malignancy, accounting for that approximately 80% of malignancyassociated hyper calcemia is due to the effect of PTHrP 4, 8) . However, our pa tient had a normal PTHrP level suggesting that osteolytic factors other than PTHrP might lead to hypercalemia, since eventually the patient was diagnosed with malignacy, and chemotherapy targeting leukemia of this case resolved his hypercalcemia along with hypercalcemic symptoms. At presentation, our case had osteopenia, therefore, osteolysis from direct invasion by leukemic cells might be the primary cause of hypercalcemia in this case, rather than humoral factor. The first symptoms of leukemia are usually non www.chikd.org specific. Bone pain, arthritis and limping can occur in leu kemia children without blats on peripheral blood. It can lead to delayed diagnosis.
Our case also showed mild azotemia along with poly dipsia and polyuria (3 L/day) at presentation as a symptom of severe hypercalcemia. Polyuria by hypercalcemia results from suppression of aquaporin2 at the apical plasma mem brane of the collecting duct and resorption of sodium and chloride in the loop of Henle via Ca sensing receptor of the kidney, reducing urinary concentrating ability 9, 10) . Thus, patients with hypercalcemia are usually volumedepleted, which might lead to a reduction in the glomerular filtration rate (GFR) and Ca clearance.Therefore, the initial goal of therapy is restoration of extracelluar fluid volume and GFR, with 0.9% saline by intravenous at 200500 mL per hour 5) . In our case, initial hydration was not effective, par tially because loop diuretics was also administered along with hydration. Although loop diuretics can ameliorate mild hypercalciuria via increased Ca loss through tubule, it can cause dehydration, leading to a decline in GFR and the filtered load of Ca. Thus, loop diuretics should be ad ministered after full hydration has been achieved.
To ameliorate severe hypercalcemia and azotemia, he modialysis was applied in this case. However, removing serum Ca using dialysis was transient, insufficient effect; while dialysis using lowCa dialysate is a reasonable option for patients with acute hypercalcemia and significant acute kidney injury, dialysis is not a fundamental therapy in a setting of ongoing resorption of bone 11) . Rapid reduction in bone resorption can be achieved by calcitonin, inhibiting osteoclast bone resorption and increasing urinary excre tion of Ca, resulting in reduction of serum Ca levels within six hours after dosing, as shown in our case (Fig. 1) . How ever, the effect of calcitonin is transient, with a mean dura tion of effect of from two to 4 days 12) . Therefore, either long acting therapy such as bisphosphonates or elimination of primary cause of hypercalcemia, namely ALL for our case, is indicated along with calcitonin. After the confirmation of ALL, our patient was treated with chemotherapy, and highdose corticosteroid. Hypercalcemia was completely resolved, and renal function was also normalized. Cortico steroids are known to inhibit 1αhydroxylase conversion of 25hydroxyvitamin D to calcitrio l5) , therefore,especially effective in hypercalcemia associated with vitamin D excess. On the other hand, bisphosphonates, a common treatment agent of malignancyassociated hypercalcemia, act by binding to Ca phosphate and inhibiting osteoclast activity, requiring two to four days for achieving signifi cant effect 13, 14) . In addition, bisphosphonates are eliminated unchanged by renal excretion and have potential to induce glomerulosclerosis, physicians are reluctant to use bispho sphonates in patients with renal impairment, and their dosing must be adjusted for impaired renal function to avoid toxicity 15) . In our case, bisphosphonates were con sidered but eventually not necessary.
We report one patient with ALL, where severe hyperc alcemia associated with acute renal failure was the unusual presentation.
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